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NATTONAL ADVISORY COMMITIEE FOR AERORAUTICS

TECHNICAL NOTE NO. 1389

TESIGN CHARTS FOR FLAT COMPRESSION PANELS HAVING
IONGITUDINAL EXTRUDED Y-SECTION STIFFENERS
AND COMPARTSON WITH PANEIS BAVING
"FORMED Z~-SECTION STIFFENERS
By Norris F. Dow and WiJ,J.;'La‘.m A, Hiclmen

SUMMARY

Design charts are presented for 24S-T (bare sheet) and 755-T
(Alclad sheet) aluminum-alloy £lat compression panels with
longitudinal exiruded Y-section stiffeners. Imn addition, comparisons
are made emong panels designed from these cherts end 24S-T aluminum-
alloy panels having formed Z-sectlon stiffeners deeigned from
avelleble deslgn charts. The comparisons indicate thet, if the ratlo
of intensity of loeding to gheet thickness is relatively high, the
charte yresented may be used to design & Y-gtiffened pensl in either
24 -7 or 755-T materiel which is lighter in weight than a 24S-T
Z-stiffened panel desiguned fram the available charts to meet ths
same conditions. The smount of welght saving depends upon.tho
specific design conditions and is greatest for the T55-T Y-stiffened
panels. The comparisons alsg indicete that the 245-T Y-gtiffener
will have & height somewhat greater than the comparable 24S-T
Z-gtiffener or T53-T Y-~stiffenor; the height of the 2LS-T Z-stiffener
generally is the smellest. In addition, the comparisons indicate
that the eversge spacing of rivebt lines is generally scmewhat less
for the 24S-T Y-stiffened panels than Ffor the 2US-T Z-stiffened
panels or for the 755-T Y-sllffened panels; the average spacing
generally is greatest for the 2US-T Z-stiffened panels. If the
ratio of intensity of loading to sheet thickness is relatively low,
hovever, the comparative designs indicate that a 24S-T Z-stiffened
panel designed from the avallable charts will be slightly lighter in
wolight than a Y-stiffened panel of either 24S-T or T5S-T materiel.

If the presemt design charis are extended to lower wvalues of the

ratio of stiffener thickness to shest thickmess to cover the region
of heavy sheet thickness more thorcughly (where the ratio of intensity
of loeding to sheet thickness is relatively low), & Y-stiffened-panel
design in this region will probebly compare more favorably with &
Z-ptiffened -panel design then the charts presented indicete. If mo
sheet thickness is specified so that the design mey have optimm
proportions, it is concluded that both the 243-T and T5S-T Y-stiffened
penels will be lighter than the 24S-T Z-stiffened panels throughout
the range of design conditions investigated.
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INTRODUCTION )

The problem of the design of wing compression panels of minimum
welght is one that has confronted aircraft structural englneers since
the advent of stressed-skin construction. Although the final solution
of this problem hes not yet been achieved, progress has been made
towerd ites solution as the cumulative result of numerous theoretical
and experimental studies to determine "optiznm proportions 'and

"efficient" stiffener shapes.

Recently two such studies (referencee 1 and 2) have established
a type of plot which appears particularly useful in connectlon with
the design of wing compression panels of minimum weight. Reference 1l
presented a theoretical comparison of the efficlencies of varlocus
stiffener shepes by plotting the averasge stress at fallure - an inverse
meesure of the welght - against & paremeter containing the main
design conditions, the load per chordwise inch of panel, and the
- effective length of panel. Reference 2 used the same type of plot
to provide design cherts for Z-stiffened penels based on extensive
test data from which the opt~nmm.proportions can be determined for
e particuler design.

Study of references 1 end 2 reoveals that 1f panels with i
longlitudinal stiffeners. are to have high structural efficiency a
stiffener shape is required which -has both high-columm strength
and local~buckling strength. DBecause a gtiffener in -the shape of _ -
e Y appeared more nearly to meet thie regquirement than +the
Z-section or hat-section stiffeners of refersnces 2 and 3, an
invedtigation was made in the Langley structures -resesarch laboratory
of the National -Adviscry Committee for Aeronsutics to determine the
compressive strength of panels having Y-section stiffeners. Both
24T (bere sheen§ and 755~T (Alclad sheet) aluminum-alloy panels
wore tested in this investigation. The results of these tests are
presented herein Iin the form of design charts similar to the design
charts for panels with Z-section stiffeners of reference 2.

In order to ghow the relative structural.efficiencies of
Y-section and Z-section stiffeners, comparisons are also presented
of panels of both types designed to have the minimm welight required
to meet a large range of loading conditions.
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| SYMBOIS

The symbols used to represent the various dimensions of ths
pansls are shown In figure 1. In eddition, the followlng symbols
are used:

Tp average stress at failing load, ksl

Oor stress for local buckling of the sheet, ksi

Toy coumpressive yieid. gtress, ksl

Py - compreesive lced per Iinch of panel width, kips per inch

c coefficien'b of end Tixity as used in Euler column forrule

Ai cross-sectional ares per Inch of penel wid.'t'.h or equifalen‘b
thickness of penel, Inches -

e—f " shortening per um.t le«ng’c.h &t failing load

o radivs of gyration, inches.

Iy moment of inertia per inch of paﬁel width, cubic Iinches

TEST SPECIMENS AND PROCEDURE

The test specimens were constructed wlth six stiffeners and
five bays as shown in Pigure 1. Three sizes of stiffeners were used
thet corresponded to valuss of 'bu/t“ of 20, 25, and 30 with the

nominal velue of +ty; held constent at O. 06k inch (sse fig. 2) and

various velues of ty/ty were obtained by verying the sheet

thickness. The stiffeners were riveted to the sheets with AYI7S~T Flat-
head rivets (ANLL2AD) on all panels.

Yaelues of the with-gralin compressive yleld stress for the
material used for the sheets (bare sheets were used for the 24S-T panels
and Alclsad sheets for the 75S-T panels)end for the extrusions are
given in table 1. The values of compressive yleld strsss for the
extrusions represent the average values for epecimens cut from the
three webs and the outstanding flenge of the Y-section extrusions at
the locations shown in figurs 3. Values of the ccmpressive yield
stress for the materisl used to construct the Z-stiffened panels of
reference 2 are also given in t&ble 1 faor ccmparison.
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The test procedure was esgentlally the same &8 that used in
other pansl tests in the Langley structures research laboratory. .
(See references 2 and 3.) The panels were tested flat-ended without -
side support (because thelr transverse siiffness was small) in &
hydraulic testing machine heving en accuracy of cde-half of
1 percent of the load (See fig. 4.) The stress for local buckling
of the sheet was determined by the "strain-reversal method.”" A
discussion of this and other methods of experimentally determining
the stress for local buckling is glven in reference 4. For penels
having e greaber width of sheet under the Y's than between the Y's,
strain gages were mounted inside the stiffeners, as indicated in
figure 5. The ends of the pansels wers ground flat and parallel,
and tho method of alinement in the testing machine was such as to
insure uniform beering on the ends of the specimens. An end fixity
coefficient of 3.75 has been indicated for such panel tests in this
machine, and this value was thorefore used In reducing the test data.

Proportlons of the specimens and test data ~ including valuss
of the ratios of rivet diameter to sheet thickneas <fl./‘c,S and pitch

to sheet thickness p/ts, average stress at felling lcad af, and

unlt shortening at failing load €, = are given in tables 2 to k.

The unlt shortening wa.s measured as the average of the strains -t
indicated by four, 6—-1nch gage length, resistance-type wire strain

gages mounted on’ the guarter points of the second and fifth stiffeners, ' -
as may be seen in figure k.

Figure 6 shows & 24S~T aluminum-aelloy Y-stiffened panel end its
T5S-T counterpert after failure. There tended to be a greater
shettering of the 755-T panels than of the 24S-T panels.

]JESIGN CHARTS

Design charts for panels with extruded Y-sectlon stiffeners
are prosented in figures 7 to 11 for 24S-T and in figures 12 to 16
for 758-T aluminum alloy. These charts were prepared from the
test data of tables 2 to 4 in a menner similer to that described
in the appendix of reference 2 for Z-gtiffened panels. The use
of design charts of this type is déscribed fully in reference 2,
end a procedure similer to that given in reference 2 for designing
& panel for maximm structural effiéiency (minimum weight) by use
of the charite is included in eppendix A of the present paper. This
design procedure makes 1t possible to achieve the balence fqr given
values of Py, L/VT, and tg between the proportions which
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will produce the highest average stress at failurs and the proportims

which will make the area such that the Ffalling gtress le Just

‘reached at the design load.

A comparison of the curves of the design charts and the test
data from which the curves were derived indicates that the stresses
glven by the curves of the design charts for both the Y-stiffened
panels of the present paper and the Z-giiffened penels.of reference 2
are on the whole very slightly less than the stresses given by the
test data. For both stliffener types, howsver, there are. regions on the
design charts in which the cuxves are interpolated or extrapolated
far from the test data, and in these reglons the accuracy of the charts
is probably less than that indicated by the comparisons of curves and
data. The region of the Y-stiffened-pansel chaxrts for which there

is the least test data is that for ;ﬂ = 0.40 at wide stiffener

[«

B Tkt
spacings. (See figa. T and 12.) Slightly greater caution should be
exorcised in the use of the charte in this region than elsevhere in

. the design charts. The region of the Z-stiffened.-panel charts for
-which there is the least test date 1s that for t.! = l 00 at close

t

S

stiffener spacings. In ‘this region, a&ditional wnpublished test
deta have indicated that ‘the curves may be as much as 5 or 6 percent

GIEI‘JERALEED COMPABISON or Y-SPIE‘FINED PANELS
A‘NZD Z-S'.E‘.'II‘FENE PANEIS

Hithout restrictions on the sheet 'thiclmess. If there are no
restrictions on the sheet thickness that may be used, Y-stiffened and

Z~gtiffened panels may be compared by envelope curves falred over
the curves of thelr design charts. Such a comparison of envelope
curves is shown in flgure 17. Because the average atregses abt
Tailing Ioad for the envelops curves for the Y-stiffened panels of
both 24S-T and 753~T material are above those for. the Z-stiffened
panels, the Y-stiffened panels of optimum proportlons are evidently
lighter in weilght than the Z-stiffened panels of optimm proportions
throughout the range covered by the present design charts.

With restrictions on pheet thiclkmess.- The sheet thlckness needed
to achleve the stresses of the envelope curves of figure 17 are fixed

for any given intensity of loading by the proportlons required by the
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envelope curves. In the deslgn of wing compression panels, however, -
the sheet thlickness 1ls often fixed by other comsideratlions such as

torsional stiffness of the wing. Accordingly, curves which show the

effect of a variastion In sheet thickness should provide a more useful
evaluation of the relative structural efficiencies of Y-stiffened

and Z-stiffened panels than do the envelopes of filgure 17; therefore,

figures 18 to 20 were prepared. In these figures, the average stresses

at fallure &y carried by Y-stiffened and Z-stlffened-panel deslgns,

selected for minimvm welght according to the prgcedure glven in
appendix A, are plotted'agéinst the parsmeter Eé for a series of
Por . v

/i_.' Aidiscussion of this type of plot 1s gilven in
.‘—append-}z B.'__:--“-—_.':- '_‘

valies of

Tﬁe cﬁief importance of Figures 18 to 20 1s that the figures
" indicate directly the average stress at fallure &p carried by the

minimm-welght designs of Y- stiffened or Z-stiffened panels which can
be achieved within the large range of proportions covered by the

design charte for given values of Py, L//C, and tg. The effect
of a change in any ome of the variables &g, Py, L/yE, and tg on -

any of the others, therefore, may be studlied from these flgures. For
example, congider the effect of a change In tg on the valus of Tp.

The relative flatness of the curves at the higher values of Py/ftg

indicates that the sheet thickness can be varied over a rather large
range with very little change in the value of Gp wvhich can be
achieved.

A comparison of figures 18 to 20 brings out the following facte:

{1) Minimum-weight designs of both 24S-T and 75S-T Y-stiffened
panels are lighter in weight (carry higher stresses) than minimum-
weight designe of 243-T Z-stiffened panels in the region of high
valuos of P;/tg (thin sheet); but the Z-stiffened designs are of

slightly lighter weight in the region of low values of Pi/tg (thick
sheet). No sharply defined boundary exists between these two regions.
Instead, thers is a range of values of Pi/ts, which veriles

Pi
- with - Por which the curves of fi 8 18 to 20 coincide.
57751 C gure - co

. -(2) The actual smount by which the Y-stiffened-panel design is
- lighter than the Z-stiffened panel (or vice versa) varies scmewhat
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_ P P :
erra.ticall;y’ ag the design conditions, /i ‘and -— are varied

L//c
'beca.use of the cusped nature of the curves.

(3) The value of tW which produces the minimm-weight design

for given values of .7‘-'}5-__ and %—, is smallest for the 75S-T Y-stiffened
L
panels and lergest for the 2uS-T Z-atiffensd panels.

COMPARTSON OF MINIMUM-WEIGET IESIGNS OF Y-STIFFENED
PANELS AND Z-STIFFENED PANELS

Although figures 18 to 20 show in a general way the relative
structural efficiencies of ¥- and Z-stiffened panéls, probably the
best way to eveluate two types of panel canetruction is to compare.
panels of each type designed Ho meet the same condltlions. A
comparison of this nature pesrmits consideration of each of the many
factors which influence the .cholce of the most desireble construction
for a given situation, such as the number of rivet lines, the space

. required for the stiffencrs, and the dilstance from the outs:.de surface
of the sheet to the axis of the center of gravity of the panel.

A series of comperative designs of Y- and Z-stiffened panels, therefore,
was made in a menner similar to that used in making the designs from
which figures 18 to 20 were prepered. Four values of P,, namely, 2.0,

3.0, 5.0, and 8.0 kips per inch and also four velues of L, namely, 10,
20, 30, a.nd. ho inches were used for the coumpsrative é.esigns The end
fixity coefficlent c was sssumed equal to 1 in all ceaases.

In meking the comparative designs, cbtainment of extruded
Y-stiffeners in the thicknesses regqulred by the designs was assumsd
posalble. A minimm thickness in which these shapes can be
successfully extruded exists, however, and this minimm thickness is
probably above the thickness reguired for many of the designs for
vwhich P; is equal to or less then 3.0 kips per inch. The reasons

for retaining these designs are (1) they may be scaled up for .

higher intensities of loading for which the minimum thickness- that can
be extruded is no longer & limitation, end () to emphasize the fact
that 1f the intensity of loading is low, the Y-stiffener will not

be satisfactory simply because 1t casnnot be obtained.

Nomerical values of the properties of the comperative designs
for all values of tw/ts covered by the design charts are given in

tebles 5 to 8. The values for the particuler ratio of tw/ts for
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wvhich minimum welght is achleved are enclosed in perentheses. In
order to show graphically “the general varidgtion of the proportions
of these designs as the psnel length and the sheet thickness are
varied, figures 21 and 22 have ‘been prepared. ‘These Figures present
cross-sectional views, drawn to scale, of séme of the minimum-welght
designs of Y=stiffened and Z-stiffened panels for - Py = 5.0 k:.ps per
" inch (teble T)..

The comperative designa were made according to the procedure
glven in appendix A except that all values of ty/tg’  glven by the

deslgn charts were investigated for each design. Because the design
charts cover only & limited range of proportions; the comparisons
between the deslgns are in some cases affected by the limited range
of proportions covered by the charts. With this qualification,
comperisons of the minimm-weight deslgns of tebles 5 to 8 and
figures 2) and 22 show that:

(1) At relatively high values of Pi/tg,. which are associated
with thin sheets, the average &tresses at failure .Gf .for both the
24S-T and the 75S-T Y-stiffened panéls are greater than those for the
24s-T Z-gtiffened penels, and these streases Indicate that leas weight
is required for the Y-stiffemed than for the Z-stiffened panels, the
least welght belng required for the 758-T Y-stiffened panels. ‘On the
other hand, at relatlavely low values of Py/tg, which are associated

with thick sheets, the average stresses at failure oy for both the .

24S~T and 75S-T Y-stiffened. penels .are slightly leas then those for

the 24S-T Z-stiffened panels, and these stresses indicate thet the

Z~gtiffened panel is slightly lighter in weight. The magnltude of

the difference in weight between the two types of panel varies with

Py

LN
(2) The height of the stiffeners H is generally somewhat

greater and, hence, consumes more spate inside the wing for the

o4s-T Y-stifi‘ened. panels then for the 245-T Z~gtiffened panels or for

the 755-T Y-stiffened panels; the’ Jelght of the 248-‘1‘ Z-stiffened
panel generally in . the smellest. -

the values of Py/tg end

(3) The average spacing of rivet lines S - is generally somewhat
less and, hence, requires more rivets for the 24S-T Y-gtiffemed panels
than for the 24S-T Z-stiffened panels or for the 75S~T Y-stiffened
panels; the' average spa.cing genera.lly is grea.tést for the: o4s-7

Z-gtiffensed panels .
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(4) Only 1f the values of both Py/ty end ii are relatively
L/ ¥e .
high does the value of the stress for locel buckling of the sheet
Cop tend to be highe_r for the 24S-T or 755-T Y-stiffened penels

then for the 245-T Z-stiffened penels.

(5) The distence from the outside surface of the sheet to the
axie of the center of gravity of the panel h, which tends to reduce
the effectiveness of the panel to resilst bending of the wing, is :
generally greater Tor the 24S5-T Y-stiffened panels then for the
2hs-T Z-stiffened penels or for the 75S-T Y-stiffened panels; the
distance h generally tends to be smallest for the 24s-T Z-stiffened
panels at low values of P:/tg _(thick sheet) and smallest for the
755 ~T Y-stiffened penels a % high values of P3/tg (thin sheet).

(The megnitude of the reduction in effectiveness of the panel to
resist bending of the wing depends on the thickness of the wing.
The thirner the wing, the greater the reductj,on.)

(6) The value of the raldius of gyration p is generally
greater (a.nd also the valus of p Ai I; 1is generally grea.'ber)

for the 24S-1 Y-stiffened panel then for the 24S-T Z-gtiffened -

panel or for the 75S-T Y-gtiffened panel; generally, p tends

to be emallest for the 24S-T Z-stiffened panels at low values

of Py /1:% (thick cheet) end smallest for the 755-T Y-stiffened
panels st high values of Pi/ts (thin sheet). (The greater the value

of QAi, the greater the effectiveness of the panel to resist
local air lo&ds.) . _

EFFECT OF SMALI. DIFFERENCES TN TEST SPECIMENS ON THE COMPARISONS
OF 24S-T Y-STIFFENED AND Z -STTFFENED PANELS

Only small differences occurred between the test specimens for
the 24S-T Y-stiffened and Z-stiffened panels. Differences occurred
in raterial properties, dlameter and pitch of rivets, and range of
proportions of the elements of the pensels actually tested and hence
the proportions covered hy the resulting deslgn charts.

The effect of.these differences on the comparisons of 2ks-p
Y-stiffensd and Z-stiffened panels sre digcussed in the following
sectlions.

Efféct of materiel properties.- If the material properties of
the Y-gtiffened panels and' the Z-stiffened panels had been id.entica.l

would the comperisons have been more or less favorable to the
Y-stiffened._ panels? Table 1 indicates that the average compressive
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Field atress of the material used for the Z-stiffened panels and
that of the materiael used for the.sheets of ‘the 2kS~T Y-stiffened
panels veye identical but. that the average compreassive yleld stress
of the extruded Y-stiffeners as measured was between 3 and 4 percent
less than that of the Z-gtiffeners before forming. Because forming
tends to raise the compressive yleld stress (see reference 5}, the
average propertlies of the formed Z-stiffeners were probably more
then 3 percent above thosse for the extruded Y-stiffenera. Accordingly,
it may be inferred that if the Y-stliffencrs and the Z-stiffeners
hat hed identical properties =~ as might have been cobtalned if
extruded Z-stiffeners hed been used, for exemple - the 24S-T

Y-stiffened panels tested would ha.ve increased in strength relative
to the Z-stiffened pansls, and the comparisons would have been more
favora.'ble to the Y~gtiffensed panels.

Effect of riveting.- If the riveting of the Y-stiffened penels
and the Z-stiffened penels had been’ identical, would the comparisons
have been more or less favorable to the Y-stiffened panels 7 A
. comparison of rivet proportions listed in tables 2 to & with those
" of reference 2 indicates that the Y-stiffened panels were more strongly
riveted than the Z-atiffened panels. Reference 6 shows that the
strength of short panele having close stiffener spacing increased -
with an increase in the dlemetexr of the rivets and aslso increased with
e decredge in the pitch of the rivets. Subsecquent tests have indicated
that as the length of the panel ls increased the size and pitch of -
rivets have progressively less effect on the strength of the panel
until the panel strength may actually decrease with an increase in
the strength of riveting. If the Y-stiffened panels and Z-stiffened
penels had had identical riveting, therefore, the comparative designs
would probably have come out less favorable to the Y-stiffened panel

in the case of the short panels (high valuss of ii and possibly
L/Ve
very slightly more favorable to the Y-atiffened penel In the case of

the long pensls { low values of P3 -1
L/VE,

: Effect of panel proportions.- If proportlons of Y-stiffensd
panels or Z-stiffened panels different from those tested and, hence,

those covered by the resulting design charts had been consldered, -
would the comparisons have been more or less favoreble to the
Y-stiffened panels? It can be seen by inspection of tables 5 to 8
that:

(1) The lightest weight 24LS-T Y-stiffened-panel design for a
given set of deslign conditions often requires a. stiffener which -
ig 2 sheet gages thinmer than that for the coumparable Z-stiffened-
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penel design. (This agroes with the fact that the value of /b

for minimum weight is smaller for the Y-stiffened panel than for the
7-stiffened panel. See figs. 18 to 20.) Also, the present charts

do not cover a large enough range of proportions to permit a

Y-stiffener more than 1 gage thinner than a Z-stiffener 1in the

region of heavy sheet thickness. If the design charts were extended

to cover lower values of the ratlo 'bw/t so that a Y-stiffened-panel

design could always be made which had & stiffener 2 gages thinner than
the stiffener for the bost Z-stiffened-panel dcosign, then the
Y-stiffened -penel design would probebly be lese inforior to the
Z-atiffened ~panel design in the region of heavy sheet thickmess.
Similarly, if theo charte were extended in the other direction so

* that in all cases a Z-stiffened-panel design with a Z-stiffensr

2 sheet gages thicker than the comparveble Y-stiffened-panel design
could be made, poseibly the Y-stiffened panel would be less superior
to the Z-s’c.;.ffened ponel in the reglon of, very light sheet thiclkness.

(2) The lightest welght Y-stiffer.ed -panel designs - in far more °
cages than for the Z-stiffened-panel designs - are obtained at the
maximum or minimum values of bW/tw given by the design charts.

Extending the renge of proportions covered to higher end lower values
of 'bw/'l:w would be likely, therefore, to result in lighter welght

designs of ¥Y-stiffened panels in more cases than in lighter designs
of Z-stiffened. yenels.

Because a8 very extensive test program was run to eeta.‘nlish

F
'bW
such program has been run to establish opbimm proportions for the
Y-stiffener, ths proportions of the Y-stiffener possibly could be
lmproved and, hence, the comparative dssigns made more favorable to
the Y-stiffened panel for all sheet thicknssses.  Among the -changes. ..
in proportions of the Y-stiffened panels which might result in over-
all improvements in their structural efficiencies :are: (1) & change .
in the angle included between the legs of the Y-stiffeners in order
to effect a betbter balance botween the width of sheet under the
Y-stiffeners and betwsen adjacent Y-stiffeners, (2) & change in
relative proportions of the outstanding " part of the Y-stiffeners,and
(3} & reduction in the width of atbechment Planges of the Y-stiffeners ,

particularly for -:-W— = 1.00.
S

optimum proportions for the Z-stiffener = 0.3 to 0.5}, and’ no
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' GENERAL TRENDS INDICATED BY MINIMUM-WEIGHT DESIGHNS

In addition to the compérisong of Y-stiffened and Z-stiffened
panels afforded by the designs of tebles 5 to 8 and figures 21 and 22,
there are several general trends indicated by the designs and by
figures 18 to 20 which apply to both types of construction. These
gencral tronds are in some coses affected by the limited range of
pronortions covercd by tho present design charts. These trends as
well ag the comparisons between the two types of comstruction, are
alsc strictly for minimm-weight designa. With the foregoing
gualifications, the comparative designs show that:

For given values of Py and L/

(1) The weight of panel generslly increases (5, decreases)

with an increase in sheet thichless', but the lightest panel is often
obtalned not at the thimmest sheet gage at which a design can be
.achieved but with the sheet 1 or 2 gages thicker than the minlimum.

(2) The stress for local buckling of the sheet o, end also
the ratio o/, generally decreases with an increase in sheet
thickmess, but the meximm value of the stress for local buckling of
the sheet is often obtained not at the thinnest sheet gage at which

g design can be achieved but, with the sheet 1 or 2 gages thicker than
'bhe minimm. .

(3) The average spacing of rivet lines S increasses (requiring
fewer rivets) with an increase in sheet thickness.

(%) The distence from the outside surface of the sheet to the

" axis of the center of gravity of the penel h, which tends to decrease
the effectlveness of the panel to resist 'bending of the wing,
genera.lly decreoeses with an increase in sheet thickness.

And for glven velues of Pi and ts

(1) The weight of pa.nel incresses (af d.ecrea.ses) with en increase
in the valus of L/VE.

(2) The stress for local buckling of the sheet Oy PUL DOL
necesserily the ratio o.,./Gy, generally decreases with an increase
in the value of 1/yS, except at the heavy sheet thicknesses.

(3) The height of the stiffeners H increases with an increase
in the value of L/V¥G.
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{4) The average spacing of rivet lines S generally increases
(agein requiring fewer rivets) with an increase in the value of

L/VS, except at the heavy sheet thicknesses.

(5) The distance from the outside surface of the sheet to the
exis of the center of gravity of the psnel h, which tends to decrease
the effectlveness of the panel to resiet bending of the wing, generally
increases with en Increase in the value of L/yfc.

(6} The radius of gyration p increases (not necessarily
increasing the effectiveness of the penel to resist local air loads)
with an increase in the value of L/yC. .

CONCLUDING REMARKS

In this paper, cherts heve been presented frcm which. 21|-S-—T {vare
sheet) and 75S-T (Alclad. sheet) aluminum-alloy flat compreselon panels
having longitudinal extruded Y-section stiffeners may be declgned to
have the minimum weight required to cerry a glven inteneity of loa.d.ing
at a given effective length of pa.nel with a given sheet thickmess. -
Comperisong have been made of panels designed from these charts and
similer designa.of Z-gtiffened panels, 1n order to bring out the
differences in characteristica of 21&S-T and 75S-T and of Y- and ..

-stiffer'efl—panel desig,ne In the case of actual wing comprsssion
penels, however, “there are often additionsl factors to be considered
which have been neglected for the comparisons, such as the effects
of local air loa.dn -the. distance from the neutral axis of the wing
to the centexr of 5ra7i'bJ of the croas section of the panel, the
sheet curvature, the edge support, and the shear combined with the
compressicn, or t i@ eTfects on the design procedure of specliylng
stiffener heigint- w: spacing in addition to sheet thicknesa. The labor
involved in the Iniidfuction of so many additional veriables into
the comparisons, howsver,' is cobviously prohibitlve. In fact some of
the veriables camnot be introduced becauss the necessary research has
not been done. Because ‘in” any particular - desi gn some such additional
factor may be important, the choice of & type of construction in most
cases is best mede by evaluating the characteristice of panels of
several ‘types dedélgned to meet all the requirements of the actual
application. The design charts of the present papsr (figs. 7 to 17)
together with the tablss of section properties (tables 9 %o 13) may
be used as an ald in such en evalustion of the characteristics of
a 24S-T or 75S-T Y-stiffened penel. '

Langley Memorial Aeronautical Lsboratory
National Advisory Committee for Asronautics
Laengley Field, Va., April 30, 1947
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APPENDIX A
METHOD OF DESIGNING A Y-STIFFENED PANEL FOR MINIMUM WEIGHT

The following procedure, which is similaxr to that given in
reference 2 for Z-stiffened penels, permits the selection of the
minimum-~weight Y-stiffened panel for given values of the design
conditions Py, L//E, and t,. In this procedure, the conditions

S
Py, L//S, and %, ere first combined to dstermine the values of the
P P
paremeters i apg i Next, from figures 18 or 20 the value
/v s :

of 'l:.w/ts is found for which the minimum-weight deslgn wlll be
achleved. Then & study ls mede of all. the curves of the design chart

P
for that ratio of ty/t, at the given value of i, From this
S 1 / 3
study, a plot is made of the variatlon of the stress at failure with
stiffener spacing for penels having all the proportions covered by

the chart. Because the chart gives Ef in texrms of relatlve

proportions (dimension ratios), the absoiu'be size is eatablished
for eath set of panel proportions by computing the sheet thlckness
reguired to meke the design load . Py dlvided by the aresa Ay equal

to the failing stress "&'f. ‘The veriation of these sheet thicknesses,

Fy

calculated as
Ay

is then plotted against stiffener spacing. This

second plnt mek~c the esteblishment of stiffener spacings assoclated
with the design value of the sheet thiclness for each of the penel
proportions possible. Reference to the first plot permits the
determination of the stresses corresponding to these proportions end
the selection of the proportions (usually by interpolation) which
glve the highest stress (minimm weight} at the given sheet thickmess.

As an exemple of this procedure, the values and quentities for
the 24S-T design shown in figure 23 for Py = 5.0 kips per inch,

L = 20 inches, ¢ =1, and g = 0.102 inch are given in table 1k
and are employed in the followling steps:
- P P
(1) Compute -—3% . ang =X.
L/vE s
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(2) From figures 18 or 20 (in the example, fig. 18 for 24S-T is
used) determine the value or values of ty/ty which should be

investigated to £ind the minimm-welght design at the values of
Py
L/¥e

P
and —é determined in step (1) {in the example, —_:g = 0.140) .

(3) From the curves for the particular valus of /g

determined in step (2) (in the example, fig. 7), plck off for
each value of hw/'hw ‘and bg/ty ‘the value of §p corresponding to

the valus of Fi given by step (1).
LfvE .

(4) Pick from tebles 9 to 13 (in the example, teble 9) the
values of Ai/'bs corresponding to the ratlos used in step (3).

(5) Compute the sheet thicknese that would be required to meke
the design load Py divided by the area A3 equal to the falling

stress T; in each case, thus %y = Pi,

r AL .
Gpt
%
6) Plot the velues of ~and T, egainst t. ZTor each
Ay £ S
Op—
tS

value of by/%, eand mark the vaelues of Ty at the value of bg/tg

T
foxr whilch -_—g_‘? equals the deslgn value of ts (in the exarmmple,

%
ty .
0.102 in.). The plots of this step for the example under consideration
are given as the two lower plots in figure 23. For ease in
interpolating to find the value of 'bW/tW for the design, & curve
of ‘ow/tW egainst 'bS/'bS is also conveniently established by

plotting the consecutive values of by/t, (18, 21, 2k, and so forth)
P

at the values of bg/t, for which i’i- equals the design value of

s

tS (the upper plot in fig. 23).

(7) After step (6) has besen completed For all the values of
byfty,, drew curves of stress smd of byfty eagainst bg/tg through
the points determined in step (5) (heavy curves in fig. 23).
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(8) Bach of the curves drawn in step (7) represents & series of
designs, all of vhich have the required value of g {(in the

example, 0.102 in.)}. The meximun point on the curve of Gp against
bg/tg indicates the design for minimm welght. Note this maximum
velue of Tp, the value of bg/tg at vhich it is reached, and the
corresponding value of bw/tw which can be picked from the curve

of by/ty aga.inst bg/ty -

(9) Check computetions by picking from tebles 9 to 13 the
value of Ai/ts corresponding to the ratios selected for minimum

weight in step (8).. If computations and plots are correct,
Ai

(10) Compute the following penel dimensions from the proportions
determined by thls design procedurse with the aid of tablea 9 to 13:

tw"":gts E’%ﬁx
bs“%its bLz.:“th
= R
"’A‘%& bFF%bw
by=%fbw e
(1 79-—+ 1. 6)1—.w S = 0.52-21;5 + (0.522:— + 2.3)45W

(11) Compute the diameter and pitch of rivets from the proportions
listed in tebles 9 to 13, as _

é dt
P:..:g...t



NACA TN No. 1389 17

{(12) Find ¢ i by interpolation between the short horizontal

lines in figures 7 to 16. .
' Py Py
and —— computed in step (1) ere such
L/¥e T
that the point an figure 18 or 20 corresponding to these values is
neer & boundary between two values of tw/ts-’ it is edvisable to

follow the design procedure of steps (l) to (12) for both values

of tw/ts .

If the values of
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APPENDIX B
DESIGN CHART FOR IETERMINING THE STRUCTURAL EFFICIENCY

If a chart is to be drawn which will provide & direct measure
of the structural efficiency of a wing compression panel, that chart
must contain in its peremeters all the design conditlons which apply

to the panel.. In references 1 and 2 the parameter :;i , which
Ljve
contalns the design conditions of compressive load end effective
length of penel, was used for charts that measure directly the
gtructural efficiency when those are the design conditions.

The trend toward higher speeds and thinner wings and the
accompanying requirement of high torsicnsel stiffness, however, tends
to establieh a minimum acceptable sheet thickness for the paneil. It
therefore appears desireble to include the sheet thicknees tS within

the parameters used for preparing charis indicative of the stxructural
efficlency of panels.

A suiteble parameter lncorporating the sheet thickness appears
to be P, /ty. This paremeter, which represents the load divided by

the ares of sgheet alone, denotes the upper limit of stress that can
be carried by a panel for a glven sheet thickness because any
gtliffeners added to the sheet mmast increase the panel area and reduce
the stress below that determined us Pi/ts. This upper limit is

shownn in filgures 18 to 20 as the dashed line. Besides indicatling
the upper limit of stress, this line alsc rvepresents the siress that

would be carried by & panel heving & value of E’E = 0 (pure shell
construction), but only if such & panel could actuslly cerry the
Indicated stress without falling.

As the velus of t./t, for the panel is increased from zero, the

stress carried will decrease from that equal to the value of P,/tg.
The actual magnitude of the highest stress that can be achieved for
each value of tw/ts given by the design charts can be determined

by asswming values of —E}T}_— and. % and by examining all the
L/ Ve
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individual curves of the design charts in e menner similar to the
minimm-veight-design procedure at the essumed values of ty/tg,
P P A P
i

i — 1 i
—=, and . {Values of Te;~—, which are equal to --=, instead of
LiE % Trg’ gy’
P ' .
i‘ are computed in sitsp (5) and plotted in step (6) of the
kS

procedure. Ses appendix A. Also designs are made for a series
of values of Pj/ty, corresponding to a series of design valuses

of tg, from each plot of step (6).)

The foregoing 'procédw:e_ .was uged to esteblish the curves glven
in figures 18 to 20, which indicate the stresses atitainsble by
minimum-weight designs as Pi/ts is varied for chosen values of

P . ) .
1 .. The stress for any .point on one of these curves is ‘therefore

L/VE . . o oo
a direct measure of the sitructurel efficiency of the best design
thet.cen be meds to meet the given design conditlons P;; L/,

Becausé 'bhe design cﬁarts axre 'dra.wn for definite valﬁes of
tw/ts , the curves of figures 18 to 20 cqn'ba.in cusps which correspond

to the intersection of the curves resulting from the use.of the
design charts for consecutive values of ‘y/bg. ILight lines have

been drawn in figures 18 to 20 connecting these cusps, thus dividing
the figures into regions in which the indicated values of ty/tg
produce the minimum-weight desligns. As previously noted, the region

for ..t‘t.si=0 is the dashed line,for which ?f=%.

For given values of P;, L//T, end tg, the value of iy ftg

that will preduce the lightest weight Y-stiffened or Z-stiffened pansl
mey be determined directly from figures 18 to 20. Since very slight
varietions In 'E'f near the cusps of the curves could cause an '

apprecisble shift in the location of the cusps in many ceses, the light
lines should be considered as only approximate bounderies. If the
point corresponding to a particular design being considered lies neer

e boundary between two values of tyftg, 1t might be wise to

investigate both values of ty/tg in meking that design.
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TARIE 1

VAIUES OF THE COMPRESSIVE YIELD STRESS FOR THE MATERIAIS -

TSED FOR CONSTRUCTING THE Z-STIFFENED PANELS

AXD THE Y-STIFFENED PANELS

L 1 Stifleners
i Sheet | (pare sheet
(ks1) (bexre) before forming)
Maximm | L46.5 46.5
24s-T
Z-stiffened panels Averege h.o k.0
(from reference 2)
Minimm | k1.0 4.0
Yoy Sheet Stiffeners
(kal) (bare) (extrusions)
Meximom | k7.3 8.0
2ks-p
Y-stiffened penels Average ¥4.0 2.3
Minimwm 2. 38.4
g Sheet Stiffeners
(kgi) (A1cied) (extrusions)
Maximum 69.7 8.5
T5S =T
Y-stiffened panels Average 67.3 78.2
Minimum | 64k.7 67.6

WATTONAI. ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE 2
TEST DATA AND PROPORTIONS OF SPECIMENS BAVING % = 0.40

[!oniml proportions are given in parentheaea]
(&) 243-? SHEET AND STIFFENERS

Proportions of teat specimena Test data
by b by| ba| bw | ty ta | bw |} a L | o G4 P L7
alo] w2 ||| SR (o fwad |
. (0.40Y (251](20) K9.31k0-963[(0.9% kL.oTIK O« ] 1 *

(g.gghl o500, 237 155% (3.20 oo W)T b ) (L) (Djasita 12.5 y2.7 | 1.222 | 672 x10%
.06 - 28,3 13'; g.gs 332 .hg hzl;g 40.7 1;%3 .595 5
98| 97 152 %9;, 9. 93] 08 08 338 il 28
.066 | 396 |23.9 21 8.9§ 936 .68 12.9| 40.7 | 43.0 | 1.028
! .ﬁlb Za.b 23.7 | 8.7% 947 4 25.2 39.2 | 4i1.9 U436 22{%
.0 <350 2.1 (2.8 8.7 .a30f L6l 45.0 .9 | .23 5
20 25067 125,31 ? 9.1 906 A 7.3 2.3 109 32
0661 409 [25.0 [29.1} 9.01 . 471 13.2} 41.8 . 855 1 sh1
.8gg .lliog 214'8 gé.i é.gg .9? ll%z EE; b EE% -%07 Ezﬁ
06k} 239 %;% _?,gbc} 3230 2als 45 79.1 3301 %] 2
0671 416|351 [19.1 8.82 <936 .501 11.7] 33.3 [ 36.9 | 2.055 [ 7
.0 11 [ 35.0 115.3 ] 8.9 .93& Jdis1 23,5 30.0° 53.6 S0 [ %
066) Ji16 | 325.2 |19.3 8.9; 94T 1396 Li.2| 33.4 | 34.7 L2791 % 2
g L1109 2 3 8,% 337 501 a]70.7 20.7 099 } 3¢
0661 4ol 133, .21 8. .92 . 12. . 6.0 | .838 2
A ERERE IR
067 | kos 34:8 |atdl & 939 +1496 oo Y i B s 0 I 3
R A RERE: AL
w063 . EREFKIEN N . 1] 53. . i 2
.0 .5;5 %éo% %363 4o 233 .lltss 75.7 S R3] 2&2
067| .410]45.3 |19.1] 8.87] 932 497 10.81 19.1 | 32.0 . 1148
.gg .ﬂgg ﬁgs %9.2 89% 1.311‘.2 .ta; 21.? égg gs.g %‘; 591
08| o7 lis? 1(%2% gl&; 185,0 ot BRI E i s
.06 408 .2 0] 8.91 L2t 91 11.4 | 19. 1 726
.osi Lo lﬁg.z gh 8. .315% .1&9 zs.g 13.3 21'% 538 2
L0661 .03 1.9.; E 2:3 .925 o L0.1| 262 | 29.2 | 1 5%
10671 42l | 50, :fg? . 570! 49 68.7{ 20.0 | 20.5 | .077]{ 19
o6z} . 1.0 | 30. .52 . . 1.9 16. 0.6 | .56 I3
E L ERERE P AE
065 10§ 33:% 29I?. 3 :9@5 TS 1.3 1923 22.5 | .o70| 21

a
Lengths are for the actua) teat specimens for which o = 3.75 approximtely,

NATTONAL ADVI3ORY
OOMMITTEE FOR AERONAUTIOS
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TABLE 2,- Goncluded

TEST DATA AND FROPORTIONS OF SPECIMENS HAVING ti = 0.%0 — Concluded
8

{b) AICIAD 75S-T SHEET AND T53-T STIFFENERS

Proportions of test specimens Teat data
t b b f b, b ty [Pl & | L je s L t
t, L S w A W w wlr d or r L2
W\t | %5 | B Ty | P | Fo|% | Tr | e |als B | o) |t falE
. 0.50)] (257 K207 19-37 | D.58] (095 N LO7)| (0.LHI|CLiEd (D[asGE] -

(g.%) (.E%o) (2326(21.!4 é.ge = 0. o.u"f;g( 12.4 | 49.6 5g.6 1.630 gh.oxlo"j
321 22 25% 19.2 8.52 967 .1;33 2k.9 | 51.5 | §8.1} . 02
. Ji11 | 25.8 20.0(9.27 «955 481 43,7 | =~-= ] 55.0| . g 26
2060 =370 .'r‘g%is 9.90 .832 1131 5.0 | =~== | 25.9] .12
A AE e RE: 20 53| 528 B
062 | 8| B2 Eidl 44 1358 i3 g2io| 2:21 225 321 %3

{35) | (20) ]

.062 |o.ol 23,11 20.6} 9.58 .887 4lo 11.7 | 30.7 2.3} 1.468 [ 935
- . gg_ ;gs gg.g.g.gg .ggg lﬁ; ﬁg gg.g c.g .gsg

402 55.3 20.1} 5.3, 851 L79 70.8 | -=-- 22-7 +115 2’45

K25)

.0 .398 | 35.2} 25,1 9.31 +957 L61 12.2 | 28. h8.4| 2102 | @
.ge Eéﬁ 3522 g&%ﬂ g.gg . 22 g ﬂg 3527 llg'{ .513 22%
106 26 552@@%}3 ‘0 =957 :1;2% 3.6 | 22-- | 27.1| 302 | 265,
.066 1 .Li22 | 35.9] 28.9| 8. 21 L77 12.6 | 30.8 | L7.4| .906 6
.063 .EZL; 55.& 50.3 332 937 4453 25.2 ;ﬁ.o Lk7.1| .G 323
.06 429 | 36.0028.818.91 .529 471 hi.2 .5
.06 J122 (2337‘3%59 8.96 .931 L7T ‘75.8
.06 518 | 52,2 19.7|9.17 .940 L8 10.1 | 17. 3.9) 1.320 0
SRR T R 1
1061 | .393 51:9&‘2%1)0 A 1828 . Zoci | 13:2| 358 53] 22
.06 Ja1 | osi.al2ih.7|9.17 967 81 11. 25.8 | z2.0}f .
E AR T N E e\ ) B
2065 | 415 | 51.3|2).5/5.08 ani :ueg 68.7 1.;:9_ 22.9| .o85 gﬁz

"Lensths are for the actual test speocimsens for which ¢ = 3,75 approximstely.

NATTORAY. ADVISOEY
COMMITTEE FOR AFRONAUTICS
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TABILE 3
TEST DATA AND PROPORTIONS OF SPECIMENS HAVING -:—:- = 0.63
[Naminal proportions are given in parentheses]

(e} 2k3-T SHERT AND STIFPFENERS

Proportions of test apecimens Test dats
P -
t tw | B b by by | % [Py | » de | oep | 3r ~x e
by 3
) | 5 | B br: % % 5 | 5 t;e‘; & o i) T
{0061t} (0.63) 20 30(0.9610. (LOP(OLTH L 4n]eTy L. 8yM 6.0
0.0671‘L c(a.séi éﬁzsg J(.9.I)J gaes 3&& . 95 m X 1%.9 %2.6 | k5.1 | 1.01 Z:.sx:d‘S
067 o6 .5 ]19.198. 96 499 28.0{h1.3 [ 2.6 4 10
.06 690 |25.8 119.18.8 +au9 g 5.8 53.8 | .21 15
:06 2687 [26.0 Tl%z 8,9 2931 . 3.9 2.2 079 L3
. 661 |ay.7 1237818.8 .92 500 .2139.2 | ¥1. .788
AEEL T RERE o | [
| -og€ | &7 3533 241 8.3% 1915 . 428 325 | ‘om
.066 665 [25.4 |29.1(9.0 972 ph 3 41.0 663 L
06 .ggz gg:::. §§.2 g.gg .:7§ ﬁgg é‘é.;{ 40.0 l;gz 23 l“g
_:g_e_% e a(gszr :(agéc)a 8:57 2563 W32 883 3375 | loe2 235
. .5 .6 119.0|8. 552 501 1%.1}%5.6 | 40.6 | 1.018 652
§§5 &5 : 2 ig'% s.gg 277 o 271550 221{ .tigﬁ 57%
067 88 %5.9 %Z 8% 93¢ 99 ) 2 | o7 | 32
0 .635 |33.0 [33528]a.8 9 " 13.9133.3 | 7.4 | .670 18
'8666,7 ggé %é é% ggz: .ﬁ ﬁgi 'Z%g ?50 gz; ;Zg ;8.3
Q 867 135.6 %Ol) 3.3 | . 4§ .3 il o | 39
.ggu 0.227 gh; 537 9-3 .382 72 %%75 g;z gg.g g 1 ;53
'oed | 18 |3 By 98 Lk : R0 | 5% | Be
odh | ses 5(3 i %36?L‘* 2936 262 5 22.6 | .o8s | 238
.061 591 +3 | 20.9]9.6 6 465 12.8 (21, o6 .688
ag %g% lﬁ?.z 1 %.eg 1.§§c6: .l;gﬁ ﬁé.} gé% f2.9 | Lo %%
o7 [ 187 |ikg 1(35 8.5 23l -50% #8:8 22,5 | . AT
.068 657 |h9.3 | 23.7(8.080 +930 4198 13 .5 {20.3 N:] 563
S L I gegt A1) 4 |
,066_| 1890 |h3.6 o% 847 8 ot 83 3250 3 ) 211
.061 ST7h 1h7.3 ] 31.309.67 91 449 13.81)20.2 3.6 L66 505
SRRl s A dagd )i\
o6 | iR %%B 51') 3.7% 317 ‘e 22330 | 25 | - 208
062 . .3 120.6 471 1i.9 j10.0 | 30.0 559 62
AR eltiaE
jog6 | ¢ &.5 %2;) R 1953 Mt o ho.i | 30:3
,068 666 171,.9 1 23.618.75 «933 L97 12,81 9.2 | 30.1 52 (313
Sl e S Ak B2 | |
1067 | 667 176.0 ;3()’ 8.91 301 38 sédlon 1332 | eig | 28
04 . 4} 2B.718.8 956 4480 13.1] 9.5 | 30.6 <393 51l
o | CEB el | A Y
oes | iz |70t | 500 [543 458 ‘e 79.1 10.?; 19. oh1 | 208

‘Lensths are for the actual test specimens for which ¢ = 3.75 approximately.

NATIQONAL ADVISORY
COMMITITE FOR AERONAUTICS
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TABLE 3.~ Cotioluded

- t
TEST DATA AND FROPORTIONS OF SPECIMENS HAVING ?'- = 0.63 - Coneluded
3

{b) ALCIAD 75S-T SHEET AND T53-T S¥IFFENERS

Froportiona of test specimens Teat dn.tl.
by [ B By [ow |t [P |tm (B [ |4 s | % | 23|«
A -;Z- ts | % E:- By |5 [P |t > by E;#E f:L) (ies) (kiiik%) f
(0,08L.}] (0,63} (25} (20)](9.3)K086K0.9L ) 1o8(( (LY (1 ]0.80[6Ea) 5
a L ] - - L ) L) Ll - - 6 -, [ ]
AR P o) g 23 |1 g0
o | Bl |2 | : . 2o | R |
. |
o 212l .5 f25,1 |9.%2 »981) J75 %.z ——— 5@'9 1,104 525
- L] [ ] L ] '6 L) - & -, ] .
S EEiEa iR (B |4 S
{35)1 (20)
. N . . 866 . .6 o . .
g gzl ieden) | | mt| s 1 1 |6
| o028 | cesr|3ns 1%;33) oul 2 58 §e3|3T5 222 | 3k |32
. «62; 6 2B |9+21 976 . 15.3 32.1 ,%?1 .ﬁ Zgg
:E :&% gi:é’ Er LT 3 .ug 8| 363 |33 | AL |55
(30)
«06 «662135,7 |29.3 |9.08 «908] olf %lé.l 32,3 | k8.6 .733 E§
:%E &2k %u:g 23 §:ZZ 3| 2B Bl il 2
50){ (20)
AR g | ms e
08 | oa3lka:d Z%EEJ 22 el | i eI REL
AR A AE RE: FEEEIE
*0é Gaollas z?;g) 92 3 1 1.0 2209 | 33.7 | w085 |33k
. . o +«938 6] «8 5 | k5.6 . 566
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TABLE % .
TEST DATA AND PROPORTIONS OF SPECIMENS HAVING % = 1.00
[Honinal proportions are glven in pa.renthoues] 4
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% 1engths are for the actusl

test speoimens for vhich ¢ = 3,75 approximately.
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TABIE 4. - Conoluded
TRST DATA AND PROPORTIONS OF SFRCIMENS HAVING %- 1.00 — Concluded
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Fig. 3 ' - NACA TN No. 1389

Stress-strain specimens,
0.80 in. wide

NATIONAL ADVISORY
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Figure 3.- Locations from which slress-strain
specimens were cut from Y-section exlrusions.
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NACA TN No. 1389

Figure 5.~ Test specimen in testing machine with
special bearing block to permit gage wires to be
introduced inside stiffeners.

Fig.



NACA TN No. 1389 Fig. 6

Figure 6.- A 24S-T aluminum-alloy Y -stiffened panel (on the left)
and its 75S-T counterpart after failure.
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NACA TN No. 1389




Fig. 23 , NACA TN No. 1389
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Figure 23 - Plot for obtaining design for maximum
structural efficiency (minimum weight). P;=5.0 kips per

inch; L=20inches; c=1; t=0/02 inch; g“—’=0.40.
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